Chromatin remodeling by acetylation and deacetylation of histones play an essential role in regulation of the gene expression. The opposing activity of two type enzymes controls the acetylation degree of the chromatin structure. Histone acetylation by acetyltransferases leads to relaxed chromatin structure and this process supports the transcription. Deacetylation by histone deacetylases (HDACs) compact the chromatin structure and favors gene silence. Small molecule inhibitors of HDACs are a new class drugs used in clinical trials for the treatment of various malignancies. Emerging evidence suggest that HDAC inhibitors may have also anti-inflammatory properties, although the molecular mechanisms remain poorly defined. Our study investigates the effect of the HDACs inhibitor Suberoylanilide Hydroxamic Acid (SAHA) on Th1 and Th17 polarizing cytokines IL-12p40 and IL-23. For this purpose, human peripheral blood mononuclear cells (PBMC) were stimulated with LPS and C3bgp with or without SAHA. Cytokine production was determined in culture supernatants at 6 and 24 h, by ELISA. IL-12p40 and IL-23 synthesis was measured in stimulated PBMC at 6 and increased at 24 h. Early at 6 h, we detected significantly decreased IL-12p40 and IL-23 production in stimulated PBMC treated with SAHA and this tendency was retained at 24 h. In conclusion, our results demonstrated that the inhibition of HDACs by SAHA leads to suppression of IL-12p40 and IL-23 regardless of stimuli used. The downregulating effect of SAHA on the proinflammatory cytokine production may be beneficial during treatment of chronic inflammatory diseases which progression is mediated by Th17 immune response.
INTRODUCTION
During immune response naïve Th cells differentiate into different subsets, with different cytokine production profiles and effector functions. Until recently, T cells were divided into Th1 or Th2 cells, depending on the cytokines they produce (1) . Th1 cells produce large quantities of IFN-γ and mediate cellular immunity while Th2 cells, which are involved in humoral immunity, primarily produce IL-4, IL-5, and IL-13 (2) . IL-12, produced by antigen presenting cells (APC), promotes the differentiation of naive CD4+ Th cells into IFN-γ-producing Th1 cells. IL-12 is a heterodimeric cytokine composed of two disulfide-linked proteins -p40 and p35. The p40 subunit also binds to other protein p19 to ___________________________ form IL-23 -cytokine that similarly to IL-12 is produced by APC. IL-23 is a main cytokine responsible for the expansion of the third, currently discovered subset of the effector Th lymphocytes Th17, characterized by the production of IL-17. The significance of Th17 cells in the immune response is the defense against certain types of pathogens, particularly when endangering epithelial surfaces (3). However, Th17 cells are potent inducers of tissue inflammation and have been associated with the pathogenesis of many experimental autoimmune diseases and inflammatory conditions (1) . Of this point of view elevated levels of IL-23 may have a prognostic significance for the development of pathogenic Th17 immune response.
Chromatin remodeling by acetylation and deacetylation of histones play an essential role in the regulation of the gene expression (4) . The opposing activity of two type enzymes controls the acetylation degree of the chromatin structure. Histone acetylation by acetyltransferases leads to relaxed chromatin structure and is generally assumed that this process supports the transcription. Deacetylation by histone deacetylases (HDACs) compact the chromatin structure and thus favoring gene silence (5 (6) . HDAC11 is the sole member of the class IV. Class III HDACs or SIRT1-7 require the cofactor nicotinamide adenine dinucleotide for its activity and act via a distinct mechanisms than class I, II and IV HDACs (7).
Histone deacetylase inhibitors (HDI) are small organic molecules which prevent the action of HDACs and thus maintain the acetylation degree of histones. Via effects on chromatin structure and transcription factor binding, they modulate the expression of -2-10% of cellular genes (8) . Although histone acetylation is generally associated with transcriptional activation, HDI can either increase or decrease expression of specific genes. HDI are of prime interest in cancer research because they induce apoptosis and cell cycle arrest in malignant cells and are anti-angiogenic (9, 10) . Suberoylanilide Hydroxamic Acid (SAHA) is the HDI targeted to the class I and class II HDAC enzymes (7). HDAC inhibitor SAHA was FDA-approved in 2006 for the treatment of cutaneous T-cell lymphoma as vorinostat (11) . There were evidence that SAHA selectively up-regulated the expression of many genes in tumor cells, triggering cellcycle arrest and apoptosis (4) . SAHA caused specific modifications in the pattern of acetylation and methylation of lysines in histones H3 and H4 associated with the proximal promoter of the p21 gene. SAHA also induced a marked decrease in HDAC1, Myc, and recruitment of RNA polymerase II in the protein complex associated with this promoter region (12) . A growing body of evidence suggest that HDI including SAHA in addition to their anticancer properties also can influence immune response via suppression of proinflammatory cytokines such as TNF-), IL-12p40 (13), IL-1 and IFN- (14) at protein and mRNA level. The role of HDACs in the regulation of cytokine synthesis from activated immune cells, however, is not exactly elucidated.
In the current study we evaluated the in vitro effects of SAHA on the lipopolysaccharide (LPS) -and C3binding glycoprotein (C3bgp) -induced proinflammatory Th1 and Th17 driving cytokines IL-12p40 and IL-23 produced by human peripheral blood mononuclear cells (PBMC).
MATERIAL AND METHODS Reagents
Lipopolysaccharide (LPS) from Escherichia coli serotype 026:B6, Histopaque-1077, HDAC inhibitor Suberoylanilide Hydroxamic Acid (SAHA), and all culture reagents were obtained from Sigma-Aldrich. Polystyrene materials were manufactured by Corning Inc. IL-12p40 and IL-23 production was measured using commercially available kits purchased from Invitrogen, Life Technologies. C3 binding glycoprotein (C3bgp) was isolated as described previously (15) .
PBMC isolation
With the approval of the local ethics board, blood samples were taken from 12 healthy donors. The informing consent was obtained from each participant. The peripheral venous blood (10 ml) was collected in sterile tubes with ethylenediamine tetraacetic acid (EDTA). Peripheral blood mononuclear cells (PBMC) were isolated by Histopaque-1077 density gradient centrifugation. The interface containing PBMC was harvested and washed twice with cold RPMI-1640 medium.
Cell cultures and stimulation PBMC (1x10 6 cells/ml) cultures were carried out in RPMI-1640 supplemented with: 10% FBS, 100 U/ml penicillin, 100 g/ml gentamicin and 0.3 mg/ml L-glutamine. The cells were stimulated with: 30 g/ml C3bgp or 1 g/ml LPS. PBMC cultures were incubated at 37  C for 6 h or 24h. After incubation, the cultures were centrifuged of 1800 rpm for 10 min. Supernatants was separated and stored at -70 o C until use.
Inhibition of histone deacetylases
For the inhibition of HDACs we used the HDAC inhibitor SAHA. 5 m SAHA was added 1 h before stimulation to PBMC cultures. SAHA was dissolved in 100% dimethylsulphoxide (DMSO) and the final concentration of DMSO in cultures was 0.1%. To avoid the influence of DMSO on the cytokine synthesis, nonstimulated cell cultures (controls) with 0.1% DMSO were seeded.
Cytokine determination
The quantity determination of IL-12p40 and IL-23 was performed by ELISA in culture supernatants according to the manufacturer's protocols. Color reaction developed was measured as OD units at 450 nm. The concentration of each cytokine was determined by using standard curve constructed with kit's standards and was expressed in pg/ml. The minimum detectable concentration of the IL12p40 ELISA kit was less than 2 pg/ml and of IL-23 < 23 pg/ml.
Statistical analysis
The data was expressed as means and standard error of the mean. Student's t-test was used to determine the statistical differences between mean values. Differences were considered significant when the P value was less than 0.05.
RESULTS

The inhibition of HDAC with SAHA decreased the production of IL-12p40
In response to the stimuli used PBMC produced significantly enhanced IL-12p40 at 6 h, compared to the nonstimulated control (p=0.013 for LPS, p=0.00011 for C3bgp) (Figure 1) . This tendency was clearly demonstrated at 24 h when LPS and C3bgp induced the higher protein quantity in comparison with both control group (p=0.0001 for LPS and p= 0.000004 for C3bgp) and the same cultures at 6h (p=0.000001 for LPS and p= 0.000000 for C3bgp).
The inhibition of HDAC with SAHA resulted in significantly diminished IL-12p40 synthesis at 6h (p=0.00007 for LPS vs. LPS+SAHA, p=0.000001 for C3bgp vs, C3bgp+SAHA). The inhibitory effect of SAHA was highly expressed at 24 h, with statistical significance p=0.000000 for both LPS vs. LPS + SAHA and C3bgp vs. C3bgp + SAHA. 
DISCUSSION
HDAC inhibitors are a new class drugs with promising anticancer effects. By inhibition of HDACs activity these compounds induce cellcycle arrest and apoptosis (9, 10) . In addition, there were increasing evidence suggesting that HDAC inhibitors, influenced proinflammatory cytokine synthesis (10, 14) . Nevertheless, the molecular mechanisms of this action remain poorly defined.
Our study demonstrated that the inhibition of HDAC by 5 m SAHA strongly reduced proinflammatory IL-12p40 and IL-23 secretion from stimulated PBMC. Similar results regarding IL-12p40 and IL-23 at mRNA and protein level were reported by other authors (3, 5, 7, 13, 16) . Regardless of the stimuli used, the inhibitory effect of SAHA was powerful and was occurred rapidly -reduced quantity of IL-12p40 and IL-23 was detected in cultures treated with SAHA, early at 6h. Bearing in mind the inhibitory effect of SAHA on class I and II HDACs we assumed that this effect may occurred because of two reasons -i) lack of deacetylation of histones associated with IL-12B and IL-23A genes; ii) lack of deacetylation of transcription factors and proteins involved in transduction pathways which are activated by LPS and C3bgp. Actually, Butler et al.
reported an incremental accumulation of acetylated histones H3 and H4 in LNCaP cells cultured for 3 h with 0.5 -5 m SAHA (17) . Although histone acetylation is associated with the expression of the target genes histone deacetylase inhibitors decrease the expression of proinflammatory cytokines by a still unknown mechanism. For example, Bode et al. 2007 , reported that, HDAC inhibitors increased the acetylation status of IL-12p40 locus. Nevertheless, IL-12p40 remodeling, binding of transcription factors Rel-A и IRF1 to the IL-12p40 promoter and transcriptional activation is abrogated (13) .
It is well know, that LPS-stimulated proinflammatory cytokine production was mediated by TLR4 and NF-kB transduction pathway. Our previously published data suggest that C3bgp mediated its activity through mitogen activated protein kinases (MAPK) JNK and p38 (18) . Because of the inhibitory effect of SAHA on the LPS-and C3bgp -stimulated cytokine production we conclude that HDAC positively regulates both NF-kB and mitogen activated protein kinase JNK and p38 transduction pathways. In addition to their histone targets HDACs have a number of non-histone protein targets including transcription factors, transcription regulators, signal transduction mediators and other proteins (12) . In fact the work of Choo et al., demonstrated that SAHA suppress p38 MAPK in synovial fibroblastic E11 cells (19) . Concerning NF-kB activity, it has been reported that HDAC-mediated deacetylation alters the transcriptional activity of nuclear transcription factors, including NF-kB (20 showed that the levels of IL-23p19 in the sera and synovial fluid were much higher in patients with rheumatoid arthritis than in osteoarthritis patients or healthy controls (22) . Increased expression of IL-23 p19 and p40 in skin lesion of patients with psoriasis vulgaris was reported by Lee et al. (23) . In Crohn disease Fuss et al., found also increased IL-12 and IL-23 levels and used monoclonal anti-IL12p40 antibody for the treatment of patients (24) . In addition, IL-23 is upregulated in many human carcinomas and has been suggested to provide a tumor promoting environment. For example a strong upregulation of IL-23 expression has been observed by Stanilov et al., in patients with advanced colorectal cancer at mRNA and protein levels (25, 26) .
In conclusion, current study examines suppressive activities of SAHA on Th1 and Th17 driving IL-12p40 and IL-23 production.
Regardless of the stimuli used SAHA reduced IL-12p40 and IL-23 production from peripheral blood mononuclear cells. Our findings confirmed the conclusion that downregulating effects of SAHA on the IL12p40 and IL-23 production may be beneficial during treatment of Th17 driving inflammatory and autoimmune diseases.
